The aim of this study was to assess the impact of heat stress on dairy cattle productivity and reproductive performance under projected future climate conditions. Temperature-Heat Index (THI) was used as an indicator of the degree of heat stress likely to be experienced by dairy cattle. Daily climate stations across South Africa were selected to be spatial representative of the country's climate which was used to extract the downscaled daily climate projections. Projected heat stress under mean daily climate conditions suggested no stress in the present and mild stress in the intermediate to distant future climate projections along the Northern border. The mild stress projected under mean conditions implies that the impact on milk production might be minimal. For maximum daily conditions, all the projections suggest that dairy cattle might be severely stressed under present and intermediate future climate scenarios over most of the country, while in the more distant future climate scenario, very severe stress was projected in parts along the northern periphery.
INTRODUCTION
There is growing evidence that climate changes will cause considerable damage to the agricultural sector worldwide. In Africa, the livestock sector will suffer the most from the adverse effects of climate change because the major proportion of agricultural production is from livestock. According to reports by Seo and Mendelsohn (2006) , environmental warming will be harmful to livestock owners especially, cattle owners. Economic losses from reduced cattle performance as a result of adverse climate changes are likely to exceed those associated with death losses (Mader, 2003) . Increased performance expected from livestock coupled with suboptimal environment will increase animal vulnerability and risk (Hahn, 1999) . The study by Klinedinst et al. (1993) revealed that abnormally high temperatures may reduce milk production by up to 20% and conception rates by as much as 35% in dairy cattle. Most of the work on the impact of climate change has been focused on areas such as water resources, rangeland ecosystems and *Corresponding author. E-mail: David.Norris@ul.ac.za. Tel: 015 268 2376.
Human health etc, while in agriculture, impact assessments focused more on major crops, such as grains. While these assessments are of importance, they have small contributions to the South African agricultural economy which is dominated by animal production with dairy production accounting for about 20% of the total number of cattle in South Africa (DoA, 2008) . The possible effects (both direct and indirect) of climate change on dairy cattle in South Africa have not been thoroughly investigated. The aim of this study was to assess the impact of heat stress on dairy cows (cattle) productivity and reproduction, under projected future climate conditions.
MATERIALS AND METHODS

Climate modelling
Climate projections (scenarios) used in this study were the ECHAM5/MPI-OM, MRI-CGCM2. 
Thermal heat stress model for livestock
In this study, heat stress on dairy cattle (Bos taurus) was assessed using a Thermal Heat Index equation (Yousef, 1985) : Where, es saturation vapour pressure at the air temperature T (kPa) and T air temperature (°C).
Since the aforementioned equation is non-linear, the mean saturation vapour pressure for a day was computed between saturation vapour pressure at the mean daily maximum and minimum air temperature as:
Estimated saturation vapour pressure is related to air temperature. Threshold THI values for heat stress in dairy cows is ≈ 70 to 72 (St. Pierre et al. 2003) . A heat stress index: < 72 THI -No stress 72 to 78 THI -Mild stress 78 to 89 THI -Severe stress 89 to 98 THI -Very severe stress > 98 THI -Death
Spatial representation
Climate station locations indicated in Figure 1 were used for extracting climate projections from the aforementioned GCMs. The climate stations were selected to represent the climate over South Africa. The THI were computed for each of climate station and spatial interpolated over the country using Inverse Distance Weighting techniques in ArcView 9.3.1.
RESULTS AND DISCUSSION
In Figure 2 ECHAM5/MPI-OM, MRI-CGCM2.3.2 and GFDL-CM2.0/2 GCM projections of heat stress in dairy cattle for mean daily climate under present climate conditions generally indicate no stress over the study area. In the intermediate future climate all GCMs indicate a similar signal of mild stress likely to be experienced in cows along the North borders of South Africa, which extents further inland in the distant future climate conditions.
For maximum daily climate conditions heat stress indicated in Figure 3 across all projections under present climate conditions indicates that severe stress is likely to be experienced over most of the study area, with mild stress in the Eastern interior. In the intermediate future climate, severe stress is likely to be over the whole country, while in the distant future climate conditions, very severe stress is projected for parts of the northern to eastern borders and other parts of the study area.
As shown earlier, the ECHAM5/MPI-OM, MRI-CGCM2.3.2 and GFDL-CM2.0/2 GCM projections of heat stress indicates likely mild stress along the Northern periphery and no stress over the rest of South Africa for mean conditions. According to Chase (2006) , dairy cows under mild stress will adjust by seeking shade, increasing respiration rates and dilation of blood vessels. The effect on milk yield is expected to be minimal. This is a scenario that is expected for dairy cows along the Northern periphery of South Africa. For maximum daily conditions, heat stress projections indicate that over most of the country, severe stress will be experienced by dairy cattle with patches of very severe stress along the Northern periphery. Dairy cattle under severe stress will experience a reduction in milk productivity of about 10 to 25% and also a decline in their reproductive performance. The decline in milk production and reproduction responses to effects of projected heat stress will increase markedly under very severe stress. The projections of future climate on heat stress on dairy cattle suggests that climate change will have direct impact on the dairy industry by affecting the intensity and frequency of cattle heat stress and hence, will adversely affect both the milk production and reproduction. Potential cow deaths may also occur especially in the northern periphery. A number of studies by Mader and Davis (2004) ; Parsons et al. (2001) and Thornton et al. (2008) reported on declines in the levels of feed intake due to high temperature further exacerbating decline in milk yield. This will more likely be pronounced in the tropics. Increased energy deficits will lead to a reduction in cow fertility, fitness and longevity (King et al., 2005) .
Conclusion
The management implications of livestock under heat stress might involve adoption of measures to minimize the effects on production. These measure range from low, moderate to high cost adaptation measures. For example, low cost measure might be reducing overcrowding and maximizing shade, moderate cost include use of sprinklers for cooling and improving ventilation and high cost measures include construction of new building design and installation of thermo controlled air conditioning (Wolfe et al., 2008) . 
